We studied bivalves (vesicomyids and mytilids) inhabiting four different areas of high sulfide and methane production: 1) in the Gulf of Guinea, two pockmarks (650 m and 3150 m depth) and one site rich in organic sediments in the deepest zone (4950 m average depth), 2) at the Azores Triple Junction on the Mid-Atlantic Ridge, one hydrothermal site (Lucky Strike vent field, 1700 m depth). Two types of Calmar benthic chambers were deployed, either directly set into the sediment (standard Calmar chamber) or fitted with a tank to isolate organisms from the sediment (modified Calmar chamber), to assess gas and solute exchanges in relation to bivalve bed metabolism. Fluxes of oxygen, total carbon dioxide, ammonium and methane were measured. At the site with organic-rich sediments, oxygen consumption by clams measured in situ with the standard benthic chamber was variable (1.3-6.7 mmol m−2 h−1) as was total carbon dioxide production (1-9.6 mmol m−2 h−1). The observed gas and solute fluxes were attributed primarily to bivalve respiration (vesicomyids or mytilids), but microbial and geochemical processes in the sediment may be also responsible for some of variations in the deepest stations. The respiration rate of isolated vesicomyids (16.1-.25.7 µmol g−1dry weight h−1) was always lower than that of mytilids (33 µmol g−1dry weight h−1). This difference was attributed to the presence of a commensal scaleworm in the mytilids. The respiratory coefficient (QR) ≥1 indicated high levels of anaerobic metabolism. The O:N index ranged from 5 to 25, confirming that vesicomyids and mytilids, living in symbiosis with bacteria, have a protein-based food diet.
Introduction

39
In hydrothermal sites, cold seeps or areas rich in organic carbon, high fluxes of methane and 40 sulfide support chemoautotrophic free-living and symbiotic bacteria. These fluxes provide the 41 basis for complex microbial and metazoan communities. Many biological studies in these 42 particular habitats have focused on the distribution, structure, nutrition, and food web 43 architecture of faunal communities as well as on their interaction with the geochemistry of 44 their environment. However, the metabolism of these organisms is poorly documented. 45 Bivalves are one of the most abundant chemosynthetic organisms inhabiting deep-sea 46 reducing ecosystems with production of methane and sulfur (Lutz and Kennish, 1993; Sibuet 47 and Olu, 1998; Fiala-Médioni et al. 
48
Vesicomyids and mytilids at these sites feed via symbiotic sulfide-oxidizing bacteria that 49 inhabit bacteriocytes in their gills (Fiala-Médioni and Le Pennec, 1987) . The vesicomyids 50 provides its symbionts with sulfides taken up by its foot buried in the sulfide-rich sediments 51 and mytilids directly uptaken via gill-associated symbionts. Oxygen and carbon dioxide are 52 absorbed from the seawater that flows through the bivalve siphons above the sediment (Arp 53 and Childress, 1983; Childress et al, 1984; Roeselers and Newton, 2012) . 54 To study the necessary physiological requirements for deep-sea bivalve life, oxygen 55 consumption and carbon and nitrogen excretion rates represent the gains and losses of energy Research directed at studying the unusual physiological adaptations of these animals is 64 necessary to understand how these bivalves can live in such hostile environments, largely 65 unhospitable to other animals. Studies on oxygen consumption rates have been performed 66 using in situ measurements on hydrothermal vent mussels (Smith Jr., 1985) and other deep-67 sea habitats maintained under in situ pressure conditions (Arp et al., 1984 ; Childress and 68 Mickel, 1982 Mickel, , 1985 Henry et al, 2008) . In these experiments, observed oxygen consumption 69 rates are generally as high as those measured in shallow-water mussels. 70 The objective of our study was to estimate in situ the respiratory rate of vesicomyids and 71 mytilids at four different deep-sea sites in the Gulf of Guinea and on the Mid-Atlantic Ridge.
72
Measurements of oxygen, total dissolved inorganic carbon, methane and ammonium were 73 obtained in situ using two different benthic chambers and were assessed along with 74 vesicomyids or mytilids density and biomass. The results were examined according to the 75 type of benthic chamber used, explored sites and bivalve species. 
Materials and Methods
78
Study area 79 The study was carried out in three sites in the Gulf of Guinea explored during the WACS The first site in the Gulf of Guinea (Fig. 1) is an organic carbon-rich area on the distal lobe were not possible because the chimney walls do not allow such measurements.
129
The respiration rate of isolated bivalves was measured in situ using a modified Calmar 130 chamber fitted with a specific tank (Fig. 2b) The elemental composition ( characterized by a very low concentration of sulfur (1.2-1.5%) ( Table 3) . small and the distribution around the chimney was patchy. In the Gulf of Guinea, we observed 281 some patterns in vesicomyids sampled from different areas (Fig. 3) . The large majority of C. Calmar reference deployed at Lobe A and C (Table 4) . It was about 10 % of the total TOU was essentially due to differences in size rather than in the metabolism-to-respiration ratio 408 (Taylor and Brand, 1975 chosen from this selection were generally adults, measuring 20-50 cm in length (Vahl, 1973) . 431 The compilation of all the existing data on the respiration rate of deep-sea benthic organisms, (Mahaut et al, 1985) . Similarly, the respiration rate of the deep-sea hydrothermal mytilid 435 Bathymodiolus thermophilus is 10.3 µmol O 2 g -1 dw h -1 (Smith Jr, 1985) at 2500 m depth on 436 the Galapagos Rift for mussels with a mean dry weight of 10 g. between the two hydrothermal mytilid species which both harbor commensal polychaetes.
440
The water temperature differences between the Galapagos Rift (1.8° C) and this study (4.6° 441 C) is also a factor that can explain the observed differences in respiration rate between these 442 two species. 
473
This could also explain the difference between the mussels and the vesicomyids in this study. 
